
SUPERHEAVY ELEMENTS: 
PRESENT & FUTURE

М. ITKIS
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Los Alamos (USA)

Berkeley (USA)

Dubna (JINR) 

Oak Ridge (USA)

Mainz (Germany)

Darmstadt (Germany)

Orsay (France)

Würenlingen (Switzerland)
Tokyo (Japan) some later

15-year long assault on the “Islands of Stability”
1970-1985



To find the method of producing

Search in nature: 
                                                  earth/lunar objects, cosmic rays, 

Artificial synthesis:

high-flux reactor, 
nuclear explosion, 

                                                          powerful accelerator 
To develop setups:

separator/detector, 
spectrometers, 
chemical methods, etc.

The task of every laboratory was:



The problem of artificial synthesis 
of SHE is related with reaction of 

synthesis 

Unfortunately in all attempts super 
heavy elements were not found



108

162

114

90

142126 146 184

Th U N
W N NE

SW

W
Pb

Pu

peninsula
continent

shoal of 
deform ed

 nuclei

island of 
stability

of superheavy 
nuclei

neutron  num ber

pr
ot

on
  n

um
be

r

Reactions of synthesis

Act.+48Ca

target from
“peninsula”

Cold fusion

Nh

Light ions

Neutron 
capture



Reaction channels in the collisions 
of heavy ionsDouble arm Time-of-Flight 

spectrometer CORSET

The study  of binary channel of 
heavy-ion-induced reactions 
(fusion-fission, quasifission  and 
deep-inelastic processes).

Time resolution 150-180 ps

ToF base 10-30 cm

ToF arm rotation 
range

15°-165°

Solid angle 100 -200 msr

Angular resolution 0.3° 

Mass resolution 2-4 u
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REACTIONS WITH 48Ca
• The sharp change of the MED triangular shape for 

the reaction 48Ca + 208Pb, where Fusion-Fission 
process dominates, to the Quasifission shape of 
MED for the 286112-296116 nuclei.

• The wide two-humped mass distribution with high 
peak of heavy fragment near double magic lead 
(MH208) for the Quasifission process.

• In spite of the dominating role of the Quasifission 
process for these reactions we assume that in the 
symmetric region of the fragment masses (A/220) 
FF process coexists with QF. 

• The Fusion-Fission mass distribution is asymmetric 
in shape with  mass of the light fragment ML132-
134 amu (see on the framings) 

E* 33 MeV

Fragment  mass (u)

Yi
el

d,
%

FLNR 1999



Cold fusion reactions

Hot fusion reactions
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Heavy Ion Accelerator U-400

Joint Institute for Nuclear Research (Dubna, Russia)

100,000 hours beam time of 
Ca-48

BEAM 
           

      



48Ca-ions

rotating 
entrance
window

gas-filled
cham ber

detector
station

recoils
SH 

recoils

beam
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target

ε=0.5 mm·mrad
ΔE=0.5 eV

Experimental l technique position sensitive
strip detectors

TOF-detectors
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        Dubna
      Gas 
    Filled
  Recoil
Separator



Decay
chains
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 Fusion reactions of  
Pb and  Bi-target nuclei 208 209

with  projectiles A>50   
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Super heavy islanders and their daughter products are 
                a large family of  the 55 new neutron-rich isotopes with unique 
properties.
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Historical background:
After discovery of nuclear fission 80 - 
years ago - 26 new chemical elements 
heavier than uranium was synthesized

A. Sobiczewski, K. Pomorski, PPNP 58, 292, 2007



With Z > 40% larger than that of Bi, the heaviest stable element, 
we see an impressive extension in nuclear survivability. 

Although SHN are at the limits of Coulomb stability, 

•  shell stabilization lowers ground-state energy, 

•  creates a fission barrier, 

•  and thereby enables SHN to exist. 
. 

The  fundamentals of the modern theory 
  concerning the mass limits of nuclear matter 

           have obtained experimental verification 



Where are the super heavy elements located 
in the Periodic Table?

Are they similar to their light homologues?

Where is the boundary of the Periodic Table 
and how many elements can it contain?
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Ti, Cr, Ni, Fe ?What is the next step?

Still far from the “island of stability” !!!

What is the next double magic 
superheavy nucleus?

Z  =  120

Z  =  114

184

“Inverse” quasifission 
can be used to produce 

new neutron-rich 
SHE

*Search for superheavies
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SHE research: Main tasks
Experiments at the extremely low (σ<100 fb) cross sections:

- Synthesis of new SHE with Z = 119 and 120 in reactions with 50Ti, 54Cr ...;
- Synthesis of new isotopes of SHE;
- Study of decay properties of SHE;
- Exploring limits the Island of Stability;
- Study of excitation functions.

Experiments requiring high statistics:
- Nuclear spectroscopy of SHE;
- Precise mass measurements;
- Study of chemical properties of SHE.

Beam of 48Ca @ DC-280:
• Intensity: up to 6∙1013 ions/s, 10 pmA
• Energy: 5 - 8 A·MeV
• Efficiency: ~50%



Separators @ SHE Factory

DGFRS-2:
launched in 2020

24-cm target wheel
12 sectors

GRAND:
launched in 2022

GABRIELA

48220  DSSD & 60120 SSSD
5 Ge Clover detectors

SFiNX

116 3He counters



Transmission:

From  206Pb(48Ca,2n)252No   test reaction:   
557%
Cross section

Comparison  of  results  at  the  same  48Ca  energy
DGFRS DGFRS-2

Target  
thickness, 
mg/cm2

0.37 0.43

Beam  dose, 
1018

3.3 3.4

No  decay  
chains

288Mc – 6
289Mc – 0

288Mc – 13
289Mc –   2

Yield 1 1.8-2.1

From  243Am(48Ca,2-3n)288,289Mc   reaction: 



Test reaction:

Cross  section  0.5  mb

206Pb+48Ca 252No

Increase  of  suppression  of  background  
nuclei
by  more  than  factor  of  200

Energy spectra of all the particles registered by MWPC (top blue line) and
 of 252No (bottom black line) nuclei produced in the 206Pb(48Ca,2n) reaction 
using separators DGFRS (a) and DGFRS-2 (b).



Ion Beams

Ca Fe Ni Fe Ge Zn Kr
7.5 pµA 

on target 
at 1.5 mg/h

Ti Cr

16700С
14550С
melting

2.5 pµA

Pb Bi

U

28 GHz ECR
Ion source

1-3 pµA





SHE-Factory

Isotope production:
Cm-248
Bk-249
Cf-251 New accelerator

High beam 
dose of : Ca-48 

Ti-50 
Ni-64

SC- recoil separator 
equipped with 

Gas Catcher 
On-line separator 

& sophisticated
Detectors

To be increased
10 times

Factor 10

Depend of
target durability Factor 3

is closely linked
to the intellect

joining of efforts
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Summary of experiments @ Superheavy Element Factory in 2020-2023 
Experiments:
110: 232Th   +  48Ca → 280Ds*, 238U   +  40Ar → 278Ds*
112: 238U   +  48Ca → 286Cn*
114: 242Pu +  48Ca → 290Fl*
115: 243Am + 48Ca → 291Mc*
116: 238U   +  54Cr → 292Lv*

• ~250 new events of synthesis of 
superheavy nuclides;

• Decay properties 42 isotopes;

• New isotopes: 288Lv, 286Mc, 264Lr, 
275Ds, 276Ds, 272Hs , 268Sg;

• New decay modes: 268Db (alpha-
decay), 279Rg (spontaneous fission);

• Indication of the 1st excited state in 
282Cn;

• Test of target stability up to 6.5 pmA 
of 48Ca;



Synthesis of elements 119 and 120
Synthesis of neutron-deficient/rich SH nuclei

Reactions (n-deficient):
241Am(48Ca,xn)289-xMc
235U(48Ca,xn)283-xCn
231Pa(48Ca,xn)279-xRg

Reactions (n-rich):
249Bk(48Ca,2n)295Ts178
248Cm(48Ca,2n)294Lv178
248Cm(48Ca,1p1-2n)293-294Mc178-179
242,244Pu(48Ca,1p1-2n)287-290Nh176-177

electron capture

Reactions (new elements):
249Bk(50Ti,xn) 299-x119
249-251Cf(50Ti,xn)(299-301)-x120
245,248Cm(54Cr,xn)299,302-x120
Test reactions:
238U + 54Cr   → 292Lv*
242Pu + 50Ti  → 292Lv*
245Cm + 48Ca→ 293Lv* 
                     σ3n= 4pb 

Nh 288



Predicted cross sections for production of isotopes of elements 
119 and 120 in the 249Bk+50Ti,  249-251Cf+50Ti , 248Cm+54Cr reactions 
differ by 2-3 orders of magnitude

Test reactions are 
needed



       Fission Barriers of  Z = 110, 114 и 120 

232Th + 48Ca
Z = 110

245Cm + 48Ca

240Pu + 48CaZ = 114 

Z = 116

248Cm + 54Cr
245,246Cm + 54CrZ = 120



50Ti
54Cr Z=120

asymmetric
quasifission

touch capture survival 

The first 
traffic lights

The second 
traffic lights

TRAFFIC LIGHTS
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Fusion Probability 
in Cold and Hot fusion reactions
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Experiment  238U + 54Cr

For the first time:
Actinide + 54Cr
New isotope 288Lv
Confirmation of 284Fl

Cross section 0.1 pb

Target 238U:   0.72 mg/cm2

Beam dose:  2.6 x 1019 
Excitation energy: 42 MeV



Experiment  242Pu + 50Ti

Cross section:  ~0.54 pb

For the first time:
New isitope  289Lv
a-decay of  289Lv

Target 242Pu:   0.73 mg/cm2

Beam dose:     1.5 x 1018 
Excitation energy:  41 MeV

288Lv

289Lv

preliminary 
results



  Synthesis of 120 and consequence

54Cr
1 event
   /100 days

  48Ca    

On SHE factory→

before →

0.5 – 0.7 fb

СТЭ
Z=114-115



REACTION MECHANISMS 
IN DEPENDENCE ON Z1Z2

Z1Z2 Reactions with actinide targets Reaction mechanisms

1472 36S + 238U
 (ZCN = 108)

At energies below the Coulomb barrier the dominant 
reaction channel is asymmetric quasifission. 
At energies above the barrier, the upper limits for CN-fission is 
30%.

1840

1920

48Ca + 238U,244Pu,248Cm
(ZCN = 112, 114, 116)

The dominant process is asymmetric quasifission. 
At energies above the barrier, the upper limits for CN-fission is 
5-10%.

2024

2304

48Ti + 238U, 52Cr + 232Th, 52,54Cr + 
248Cm
(ZCN = 114, 114, 120)

The dominant process is asymmetric quasifission. 
At energies above the barrier – the upper limits for CN-fission 
is 0.1-1%.

2576

2700

64Ni + 238U,68Zn + 232Th
(ZCN = 120)

The dominant processes are deep-inelastic collisions and a 
few nucleon transfer. The formation of symmetric fragment 
even in QF is strongly suppressed.



121Будет ли элемент 118 бдагородным газом?
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Periodic Table Z=1-138

113 114 115 116 117
Fl LvNh

Fl
Ms Ts

Calculated in non-relativistic
Dirac-Fock approximation

4f

5f

6f

118
Og

Completion of 
the 7-th row

Rn
86

Sir 
William

1904 
Ramsay

Does element 118 look like a 
noble gas?

2004



He/Ar

CHEMISTRY OF SHE Z Isotope Half-life

112 283Cn 3.6 s

113 284Nh 0.9 s

114 287Fl 0.3 s

115 288Mc 0,16 s

116 293Lv 57 ms

117 294Ts 51 ms

118 294Og 0.6 ms

Shortcoming: a relatively large volume of the stopping cell

GASSOL – Solenoid-based separator

• Stopping SH atoms in a small volume of 1-2  cm3

• Chemistry of short-lived SHE T1/2 ≥ 30 ms (up to 
elements 116-117)



Measuring masses of SH isotopes 
with accuracy 10-7 (30 кeV)
• T1/2 < 0.5 s
• Production rate  1 event/day
• Background rate  event/s

Precise mass measurements of SH nuclei @ SHE Factory

M.I. Yavor, Journal of Instrumentation,17 (2022) 11033

MR-TOF Mass-Analyzer



Multinucleon transfer processes in U + U reaction

excited

cold



Multinucleon transfer reactions. Some of the open questions

• Angular distributions of various reaction products. 
Their energy dependence.

Fusion

Fra
gmentation

Fiss
ion

162
MNT?

• Cross sections for neutron-enriched products. Their energy dependence.

• Kinetic and excitation energies of reaction products.

• Optimal reaction choice for production of various nuclei in heavy (N=126) and 
transuranium mass regions.



Studying the 238U + 238U reaction

238U 238U

Z=184
A=476

F1

F21

2

3208Pb

268No*

Neutrons

           

EVR

No
1

Modernized COREST set-up







Thank You!
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